In this paper we first give a brief review of the variable cosmological constant model and its scalar field description. We mainly discuss two types of variable cosmological constant models: a power law and H power law models. A method to obtain all of the equivalent scalar field potentials and the effective equation of state of the two models are presented. In addition, the dynamics of such scalar field potentials and effective equation of state are discussed in detail. The parameters of the two models are constrained by current supernova data. We also calculate and draw the picture of the Hubble parameter, the deceleration parameter and the matter density of the two models. Then, we prove that the indices m and n in the two models have specific meaning in determining properties of these cosmological parameters. Moreover, The reasons that indices m and n may also influence the behavior of effective equation of state and scalar field potentials are presented.
Introduction
In 1998, the discovery that the accelerated expansion of the Universe is driven by the dark energy(DE) from the type Ia supernova(SN Ia) observations [1] greatly astonished the world and the Wilkinson Microwave Anisotropy Probe [2] combined with more accurate SN Ia data [3] indicates that the Universe is almost spatially flat and the dark energy accounts for about 70% of the total content of the Universe. We know little about the nature of dark energy except for its negative pressure. Therefore, a large number of works have been done in recent years to explain this mystery.
The variable cosmological constant (hereafter VCC) [4] is one of the phenomenological ways to explain the dark energy problem, because it is not only a workable path to be compatible with the observational data, but also an easy method to make a decent modification to the true cosmological constant (CC) Λ. Looking back to the history, we can see that a lot of theorists have done numerous works to search for the theoretical foundation of the VCC models and also investigate the properties of the VCC models. To study the theoretical properties: it was concerned the possibility of the screening of the cosmological constant by quantum effects so in the early Universe Λ ∼ H 2 (see [19] ).
Then there were a large number of papers considering IR effects of quantum gravity (for example, see [37] ). Further more, the coupling between the quantum field may suppress their contribution to the induced cosmological constant (see [38] ). To realize the IR screening, there are two extensive technical methods proposed by [39] and [40] . If the cosmological constant as a variable, it would be related to the wave function of the Universe (see [5, 6] ). It was considered the geometrical constraints of the VCC and the VCC should be associated with the "bending" or the extrinsic curvature of the space-time (see [12] ). What's more, a kind of back-reaction-induced cancelation was introduced (see [13] ) as a way to understand the VCC. To construct the phenomenological models: It was proposed a model Λ ∝ a −2 and required that the cosmic density ρ would equal to the Einstein-de Sitter critical density ρ c , which leads to the result that the Universe is closed, without singularity, horizon, entropy and monopoly problems (see [7] ). After that, it was also suggested a model Λ ∝ a −2 (Λ should be independent of ) with different initial conditions by [8] and this paper also firstly pointed out that time-varying Λ leads to the creation of matter or radiation. Besides, a lot of work was done to propose a straightforward model relating Λ to the Hubble parameter H(z): Λ ∝ H 2 (see [9, 10, 11, 28] ). Further more, people also constructed a large number of phenomenal VCC models to describe the dynamics of the Universe and there is a list in Ref. [4] summarizing the proposed models.
In addition to the VCC models, scalar fields such as "quintessence" [14] , "phantom" [15] and "quintom" [16] have also been introduced to explain the source of dynamic dark energy, which are distinguished by the effective equation of state (hereafter EEoS): w DE > −1, w DE < −1 and w DE across −1 respectively. These models are inspired by the fact that a decaying vacuum energy which has a high energy density at early time should be sufficiently small at present to meet the current observation requirement. In order to obtain the corresponding quintessence potentials, it was derived the reconstruction equation and addressed the feasibility of the approach by MonteCarlo simulation (see [33] ); it was also constructed the general scalar-field dark energy model (see [34] ) and developed a method to construct them directly from EEoS function w φ (z) (see [17] ). (see also [35] ) However, there are still large gaps between the VCC models and their related dynamic scalar fields. First, few works have been done to investigate the fundamental scalar fields and to reconstruct all of the potentials of possible VCC models, merely one paper gave two analytic results of the potentials (see [27] ). Second, few studies using recent observational data to constrain the form of VCC has been implemented, even though there are some arguments about the value of m through solving the "age problem" theoretically (see [18] ). Third, there still lacks of works that probe the various parameters of VCC models such as the Hubble parameter H(z), the deceleration parameter q(z), the matter density ρ m (z) and their relationship with the current observations. Therefore, as a major part of our work, we analyze the EEoS and reconstruct the potentials in two main types of VCC models--the a power law and the H power law models--from the point of view of dynamic scalar fields. This work is necessary for people who are interested in the coupled dark energy and dark matter (see [31] ), because such models may avoid a lot of realistic problems such as the coincidence problem. In addition, it is discussed how such phenomenological models can be explained as a classical scalar field decaying into a perfect fluid which might be interested by those who want to search the gravitational theory other than the general relativity and the Lagrangian in VCC should be different from the Einstein-Hibert action in general relativity. Thus, this part should be essential for people to see the possible forms of VCC models and its corresponding scalar fields which are expected from string theory or supergravity.
Another main part of this paper is to give an observational constraint on the VCC models and explain the properties of cosmological parameters. This part of work is the basic analysis to determine the right form of VCC models from the observational requirement, which expects future more precise measurement. This paper is organized as follows: in section 2, we investigate the EEoS, the reconstruction equation and reconstructed the potentials analytically for all the a power law models, generalizing previous work in Ref. [27] . Next, we use recent SN Ia observations to constrain the index in this model. In addition, we analyze the properties of the Hubble parameter, the matter density and the deceleration parameter in this model. In section 3, parallelling to section 2, we generalize the work in Ref. [27] and discuss the EEoS, the reconstruction equation and reconstructed potentials for all of the H power law models. In addition, we also give two examples of this type of models to prove the effectiveness of our method. Then, we use data to constrain the cosmological parameters of
this type of models and analyze the properties of the Hubble parameters, the matter density and the deceleration parameter. The concluding remarks are presented in the last section.
a power law models and corresponding potentials
For a generalized VCC related to the scale factor a, we can write
where B is a constant with mass dimension 2 and we call it the dark energy amplitude. The power law index m is the only parameter which plays a significant role determining the dark energy behavior as discussed below. Then, the dark energy density and the Friedmann equation can be written as
We have assumed that the Universe is flat (k = 0) and M pl = (8πG)
m is the dust matter density with the present value
Thus, we get
In our practice, there is clearly only one degree of freedom in the a power law model, which is the power index m.
As for the VCC models, we consider the interaction between the dark matter and dark energy and consequently neither of these two components satisfy the energy conservation law separately.
Therefore, we should introduce an interaction term Q(z) witḣ
and the total energy conservation equationρ tot + 3H(ρ tot + p tot ) = 0 still holds. The equation (7) leads to
which means that the interaction is determined explicitly only by the evolution of dark energy density. Note that a 0 = 1,
2.1 Interacting dark energy and reconstructed potentials in the a power law models
The anterior equations (6) and (7) are the standard interacting dark energy equation and the function Q(z) represents that dark energy and dark matter exchange pressure. Since the interaction may not be directly observable, it is interesting to search for the phenomenologically equivalent potentials which encode some properties of the interaction.
One way to search such a theory is to represent the VCC models in a field theory language, the easiest way might be the scalar field description. If one could find such a description of the VCC models, it is also natural to extend the scalar field description to other space-time and other gravitational theory like high energy superstring theory. What's more, this description provides a path to quantize the scalar field, which can help people to understand the fundamental theory of the phenomenological VCC models. Further more, the procedure to obtain a scalar field description of a phenomenological model could be applied to other models. Changing the form of equation (7), we havė
so the EEoS of dark energy is
so we obtain this result from the point of view of interacting dark energy (see Ref. [18, 25] ). Please note that the power index m is a constant, so the EEoS in the a power law models are all constant.
We will see in the following subsection that the best-fit of index m from SN Ia is 0.36 and there is 91.1% possibility that dark energy is quintessence-like, while there is also 8.9% possibility that dark energy is phantom-like, but current observations are not precise enough to distinguish between these two cases, so improved observations are needed.
Therefore, we consider that the dark energy likes a quintessence and we try to find its effective potential. If the dark energy is phantom-like, the effective potential can be reconstructed in a similar way.
For a quintessence field, the effective energy density ρ Λ can be written as 1 2φ
respectively, where V (a) ef f (φ) is the scalar field potential for the a power law models. At the same time, the effective energy density ρ 
Thus, the scalar field potential can be written as a function of redshift z
Using equation (11) and (12), we have
where the upper (lower) sign representφ > 0 (φ < 0). In fact, the sigh is arbitrarily determined by assumption, as it can be changed by φ → −φ. We choose the upper sign in the following discussion.
The derivative (16) can be integrated analytically
If we shift φ 0 value, the potential in the following figure will be shifted horizontally, but the shift doesn't influence the whole shape of the potential. Solving this for (1 + z) and substituting the result into (15), we obtain the potential of the a power law models As we only reconstruct the potential of the a power law models which are like the quintessence, we select three m values and draw the figure in the 1σ confidence region respectively. There are three main characteristics for these potentials: First, they are all runaway type and the whole shape doesn't change if the φ value is shifted horizontally. Thus, the intersection points of the potential curves are not very important because they can be eliminated when the curves are shifted. Second, equations (17) and (15) determine that φ increases and V (a) ef f (φ) decreases as the redshift z decreases from large value to −1, which means that the dark energy potentials decrease as the Universe expands. One of the explanation for this phenomenon is the fact that dark energy "decays" into dark matter, as is discussed above. Third, the hyperbolic sine function in the expression (18) makes the a power law potentials have the vanishing asymptotic value. This is very interesting because one could obtain such behavior in general in the supersymmetric QFT. This runaway form of potential is also the one expected in the unstable D-brane system in superstring theory.
Hubble parameter and constraints on m from SN Ia data
In this subsection, we want to constrain the parameter m from SN Ia data, so we deal with the Hubble parameter and the luminosity distance. We can change the variable t to redshift z in the equation (6) to figure out the analytical expression for the matter density
We can easily note that the effect of VCC is just like a small perturbation to the evolution of the matter density. If the evolution behavior of the matter density doesn't deviate much from
, the value of m should be very small, which will be convinced through observational constraints in the following subsection. This equation is essential for our purpose to solve the Hubble parameter in the following subsection.
As there is only one free parameter in this kind of power law models, it is rather easy to obtain the best fit value from supernova data. We discuss this problem using the recent data, in the framework of interacting dark energy and accelerating Universe. Such ideas are rather new due to the discovery of dark energy in 1998, while some previous work as Ref. [18] and [32] discussed the constraints of parameters without having such new opinions.
Integrating the equation (3), we have the following equation
Then, we calculate the luminosity distance
where
it is rather straightforward to use the recent 157 gold samples of SN Ia data provided by Ref. [3] and the χ 2 statistics provided by [3] and [20] to obtain the best-fit and 1σ and 2σ confidence levels in the parameter space
In our work, we can compare our model with other models once we figure out the best fit of m, so we release this single parameter. We set Ω m0 = 0. −0.51 . Therefore, we have obtained the confidence intervals as above. At the same time, the observational H(z) data from [21] and [23] are given in Table 1 Thus we can plot the observational H(z) data with the theoretical curves within one graph and compare them as shown in Figure. It is easy to see that the Hubble parameter of the a power law models are generally consistent with the SVJ Hubble Parameter versus Redshift Data (see [21, 23] ). However, there are still three points which are not on the five curves within the corresponding errorbars. This indicates that the observation has some uncertainty, while Ref. [22] also argues that this is because EEoS crossed −1 there.
Matter density and deceleration parameter of the a power law models
Having the matter density equation (20) and the confidence region of parameter m, we can plot the matter density as a function of redshift z as Figure 3 shows. We also plot the standard matter density equation in ΛCDM model for comparison. From Figure 3 , it is easy to see that the larger m is, the faster the dark energy density changes and more slowly the matter density decreases as a function of redshift z. That means if the dark energy field changes sharply, it would "decay" into dark matter field drastically and make the matter dilute more slowly with the cosmic expansion, vice versa. On the contrary, if m < 0, the dark matter transforms into dark energy and the corresponding curve (for example, the curve in the graph m = −0.15) decreases more sharply than the usual (1 + z) 3 behavior (ΛCDM). From the confidence region of supernova constraints, we can say that there is 91.1% possibility that the dark energy decays into dark matter, while there is also 8.9% possibility for the inverse process.
It is also easy to see this property of index m through calculating the "decay rate" ǫ in Ref. [24] . The "decay rate" ǫ is defined as the matter density's deviation from the standard evolution,
i.e.,
where ρ m0 is the current matter density. In our case, ǫ is not a constant but a function of redshift z.
In addition, it is straightforward to verify that m is the index to distinguish the sign of ǫ, as m > 0, ǫ(z) > 0; vice versa. Thus, the relationship between index m and the "decay rate" ǫ represents whether the dark energy decays into dark matter or the inverse. Moreover, it is also easy to confirm that the value of ǫ(z) is generally compatible with the confidence region provided by [24] .
Having obtained some meaning of the index m and its confidence region in the a power law models, we can directly reconstruct the evolution of the deceleration parameter in this kind of model. 
which can be determined by future observations. In addition, we could calculate the different z T see that the larger m is, the earlier the Universe changes from deceleration to acceleration. Thus, we obtain this transition redshift z T from the general a power law form and the results should be applicable for all of the specific power law behaviors (see [24] ). Third, the larger value of m is, i.e., more sharply dark energy density changes, the more gently Universe decelerates. This result is also compatible with the Figure 3 in [24] .
Therefore, in this subsection we conclude that the power index m of the a power law model is not only associated with the dark energy density, but also a meaningful index to determine whether the dark energy "decays" into dark matter or the inverse process. Moreover, it also determines the "decay rate" ǫ, i.e., the intensity by which dark energy changes into dark matter. Meanwhile, it also affects the deceleration parameter of the Universe and the transition redshift z T when the Universe is changing from deceleration to acceleration.
H power law models and corresponding potentials
In the previous section, we have presented the general theory of the a power law models in VCC model and its many properties. We investigated its EEoS and reconstructed the potentials from the scalar field version. We also discussed the supernova constraints on its parameter. In this section, we will discuss the other type of VCC models--Λ is associated with Hubble parameter H--which is an important type presented in Ref. [4] .
In this type, the VCC can be written as
where B is a constant with mass dimension 2 − n, n is the only parameter in this kind of models which needs to be fitted by supernova data. Then, the dark energy density and the Friedmann equation in this model can be given by
The parameter C is determined by the current value of matter density and the Hubble parameter
Then, we also consider that the VCC indicates that there is an interaction between the dark matter and dark energy. Therefore, let's assume that dark energy and matter exchange pressure through the interaction term W (z) witḣ
which maintains the total energy conservation equationρ tot + 3H(ρ tot + p tot ) = 0. The equation (34) leads to
which is essential to obtain the Hubble parameter in this model.
Interacting dark energy and reconstructed potentials in the H power law models
In this subsection, we want to see the possible potential that dark energy mimics the VCC. Although the interaction between dark energy and dark matter might not be directly observable, the effective potential could encode some information about the interaction. Thus, we are looking forward to solving the EEoS and reconstruct the dark energy potentials of the H power law models from the standard interacting dark energy equations (33) and (34) .
Transforming equation (34), we havė
These EEoS are functions of redshift z, in contrast to the a power law models, where the EEoS are constant in the equation (10) . It is quite interesting that the sign of index n also determines whether this dark energy is like quintessence or phantom. Moreover, this type of EEoS is affected by the value of Ω m0 , while the EEoS in the a power law models are not. Since the constraint from SN Ia suggests that the best-fit for n is positive in the following subsection, we here reconstruct the effective potential of this model from a point of view of quintessence. The energy density and pressure density of the quintessence field for this model are
At the same time, we can obtain the expressions for dark energy density and pressure through definition (30) and the interacting dark energy equation (34) .
Then, the effective scalar potential can be written as a function of redshift z
Using the equation (38) and (39), we can obtain the differential form of scalar field
n .
In general, this equation has no analytical result unless the index n is fixed appropriately. So we write it in the integral form
where the upper(lower) sign applies ifφ > 0(φ < 0). In fact, the sigh is arbitrarily determined by assumption, as it can be changed by φ → −φ. We choose the upper sign in the following discussion.
Even though this equation cannot be integrated analytically if n is not fixed, we are able to obtain its numerical solution if we fix the parameter n and Ω m0 and substitute z for φ into equation (42) to get the result of potential V (H) ef f (φ). We reconstruct the following three examples of quintessence potentials for this kind of models (see Figure 5 ). As is shown in Figure 5 , the effective quintessence potentials also have three main characteristics: First, they are all runaway type potentials and even if we change the initial value φ 0 , the curves shift horizontally with the whole shape unchanged. For the purpose of definiteness for scalar field φ(z), one can choose φ 0 = (
10−3n M pl in order to make the field φ have vanishing asymptotic value as z goes to infinity. Second, even though we could not give the analytic expression for this potential, when redshift becomes large, we could analytically give the approximate form of the potential at the small field value region (we adopt the above initial value
Clearly, in the small field value region, the potentials are distinguished by the index n. When the field becomes large, those potentials would asymptotically become 0. Moreover, we are able to give some analytic result if the index n is fixed to some certain value and this will be discussed in the next subsection. Third, the meanings of the potentials are clear: as the Universe is expanding, the value of φ becomes large and the field slowly rolls along the potential, which makes the EEoS very close to −1. At the same time, the dark energy field gradually "decays" into dark matter, so the matter density dilutes more slowly than the standard (1 + z) 3 behavior.
Two specific examples of reconstructed potentials for the H power law models
In Ref. [4] , there is a list of proposed the H power law models provided by different authors through various perspectives. In addition, Ref. [27] gives two examples of scalar potentials from the point of view of the scalar field description. In order to show the effectiveness of our reconstruction, we also derive the two analytic results of the scalar potentials using the methods in previous subsection.
For one thing, let's consider the n = 1 model. This might be the simplest case; nevertheless, it is also within the 2σ confidence region. The potential as a function of redshift z (42) can be expressed as
and the field (44) could be integrated as
Then, we are able to substitute (1 + z) for the field φ to obtain the explicit expression for the
where the constant φ 0 = π 2 is chosen for the definiteness of field φ. This potential is the runaway type and can asymptotically approach 0. It is the simplest behavior of the H power law models and could be interpreted as one sort of "coupled quintessence" (see [31] ).
For another thing, n = 2 is also interesting (see Ref. [9] ) and investigated by many authors (see [4, 27] ). We substitute n = 2 into equation (42) to obtain
where φ 0 is the initial value of field φ. Thus, we obtain the potential by substituting (1 + z) for
where α = (
. Thus, this form is rather consistent with that in Ref. [27] , which demonstrates the effectiveness of the reconstructing method in this paper. This potential is one of the simplest runaway types which represents the particle creation in the phenomenological VCC models so it could be interpreted as some kind of "coupled quintessence" (see [31] ). Meanwhile, it is also easy to see that all the VCC potentials are associated with the exponential function, which leads to its runaway behavior, indicating that they might be easily obtained in supergravity and unstable D-brane systems.
Hubble parameter and constraints on n from SN Ia data
From equation (31), (33) and (35), we can obtain the differential equation for the Hubble parameter
which can be solved analytically
Then, we can calculate the luminosity distance as a function of redshift z by integrating this
we use the equation (23) and (24) as listed above and 157 gold samples of supernova data in Ref.
[3] to fit n.
We also set Ω m0 = 0.34 and h = 0.65 as they are in the acceptable region of concordance model ΛCDM (see Ref. [1, 2, 3] ). Thereby n is the unique parameter of this kind of models. The minimum of this expression(23) leads to
Then, χ 2 min /dof = 1.15 ≃ 1, so we can say that this model is also gently consistent with the supernova data. The 1σ and 2σ errors on the predicted value of n = 0.56 are also easily found: It follows that we have five parameter values to denote the best-fit, 1σ and 2σ errors on the predicted value individually. Then, we can plot these theoretical curves and the observational data in Table 1 (see [21, 23] From Figure 6 , we can point out two main properties of this model: For one thing, there are three data points around z = 0.17, 1.30, 1.43 of which the errorbars do not cross the five predicted curves, indicating that there are some uncertainties in these data. We should also note that even for H 0 with larger value, such as 71 km −1 s −1 Mpc, it still cannot totally solve this problem because in that situation, the three central curves will go cross the errorbars of the three points(around z = 0.17, 1.30, 1.43) but far deviate from the two lower points (around z = 0.27, 1.53). As a result, this problem might not be simply solved by adjusting present Hubble parameter's value. Rather, it may suggest that more precise measurements or other theoretical explanations are needed (see Ref. [22] ). For another thing, comparing this graph with Figure 2 , we discover that the two graphs are similar to each other. This implies that the two types of models--the a power law and the H power law models--have some common features, which will be shown in more detail in the following subsection. However, we should also note that the two models are not exactly the same, as we obtain the Hubble parameter without relying on the behavior of the matter density in the H power law models.
We could plot this EEoS as a function of redshift z and compare them with other observational results (see [26] ) and models (see [20] ). This EEoS has three major properties: For one thing, the confidence region of this type of models is mildly consistent with the results which were obtained by using CMB and Clusters data (see [26] ), indicating that it is a competitive model waiting for the examination by future observations. For another thing, within 1σ confidence region, the EEoS is slightly larger than −1, which implies that it resembles the quintessence field. In contrast, within 2σ region it is possible that the EEoS is smaller than −1, which indicates that there is 37.3% probability that the H power law form of dark energy likes the phantom field. Thus, this type of models could really represent a large kind of dark energy models phenomenologically. Further more, if z become larger, all of the EEoS in these models have their own asymptotically constant value, which is rather similar to that of the "quiessence model" (see [30] ). The constant EEoS means that the proportion of kinetic energy to potential energy is constant. Thus, the whole dark energy density increases or decreases, suggesting that the VCC models corresponds to a dissipative system of dark energy. (see [5, 6, 31]) 3.4 Matter density and deceleration parameter of the H power law models
Using the Hubble parameter equation (52), we can change the form of the matter density equation
which could be solved analytically
where F see that for larger positive n, the dark energy density decreases faster and the matter density dilutes more slowly as the universe evolves, vice versa. On the contrary, n < 0 represents the dark matter changes into dark energy because the dark energy density decreases as time evolves and the corresponding curve (for example, the curve in the graph n = −0.25) decreases more sharply than the standard (1 + z) 3 behavior (ΛCDM). As a result, the parameter n is not only a power index of the H power law models, but also an important signature to distinguish whether dark energy "decays" into dark matter or the inverse process, just as the index m in the a power law case. For another thing, from the confidence region of supernova constraints (see Ref.
[32]), we can calculate that the probability n > 0 is 62.7%, while the probability of n < 0 is 37.3%, indicating that the dark matter changing into dark energy is still very possible. Further more, comparing Figure 6 and Figure 2 , we can discover that the two graphs are very similar to each other, which means that the two types of VCC models--the a power law and the H power law models--really share some common features if the parameters are all constrained by observational data. This could be understood as follows: both the scale factor a(t) and the Hubble parameter H(z) describe the evolution of the Universe; if the Universe is expanding canonically, a(t) will increase while the H(z)
will decrease, so the difference between the two types might only lie in the sign of the power index.
The above properties can also be verified by examining the "decay rate" in (26) (see also [24] ).
In this model, ǫ is also a function of redshift z, whose sign depends on the sign of index n. If n > 0, ǫ(z) > 0 represents that the dark energy "decays" into dark matter, vice verse. If n = 0, it is easy to verify that ǫ(z) ≡ 0, which means that in ΛCDM model, the two parts don't change into each other. Moreover, it is interesting to note that the main region of ǫ(z) could be compatible with the confidence region listed in Ref. [24] .
Having obtained the matter density, we can derive the deceleration parameter in this model, which is rather complicated.
Then, we can plot this deceleration parameter and also compare the curves with that of ΛCDM. Table 2 ). It is also easy to see that the value of z T within 1σ confidence region is generally compatible with the result in Ref. [24] .
Moreover, different values of n corresponds to different curves with distinctive shapes. For one thing, within 1σ region, n is definitely positive (such as n = 0.56), this makes the dark energy density decrease and change into dark matter as time evolves. The larger the index n is, the quicker dark energy density ρ Table 2 : transition redshift z T in H power law model.
thing, within 2σ confidence region, there is a certain probability that the index n is negative, which means that the density of dark energy is increasing, so the acceleration is relatively small compared to the positive value of n.
To conclude this subsection, we derive the evolution of the matter density and the deceleration parameter in the H power law models. We note that the index n is just like the index m in the a power law models, which not only reflects whether the dark energy "decays" into dark matter, but also affects the acceleration of the Universe--the deceleration parameter q(z) and transition redshift z T .
Concluding Remarks
In this paper, we have developed a method to reconstruct potentials in the VCC models directly from the definition of the energy density and pressure of the scalar field and given two examples of the H power law models. First, all the potentials are runaway types and have vanishing asymptotic value when the field value becomes large. Second, these potentials have some relationship with the exponential function, which is expected in supersymmetry theory and unstable D-brane system in superstring theory. Third, as the Universe is expanding, the value of φ becomes large and the field slowly rolls along the potential. At the same time, the dark energy field gradually "decays" into dark matter, so the matter density dilutes more slowly than the standard (1 + z) 3 behavior. It is worth noticing that the reconstruction equations presented here are not limited to search for the scalar field description of such phenomenological VCC models. Generally, it could give people the possibility to find the scalar field versions of other phenomenological models and even quantum gravity models such as holographic models (see [36] ).
We also have investigated constraints on the VCC models--the a power law and the H power there are still 8.9% and 37.3% probabilities for the a power law and the H power law models that the dynamic scalar field of VCC is phantom, so the VCC models are the phenomenal models representing a variety of other dynamic dark energy models. Moreover, the EEoS of the a power law models are constant, while those of the H power law models are functions of redshift z but have the asymptotic values when redshift z becomes large, so at the early stage, the VCC models have some properties of the quiessence model.
The cosmological constant problem is still one of the serious problem that puzzles the physical world and we are long way to go to its nature. Thus, we expect that a more sophisticated combined analysis of various observations will be capable of determining the indices value of VCC models and revealing more properties of the VCC dark energy models.
